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Abstract. — Organic thalli of Ordovician calcareous algae Vermiporella fragilis
Stolley and Palaeoporella variabilis Stolley found for the first time are studied.
The structure of V. fragilis is shown to be fundamentally different from that
previously described by various authors. Its thallus consists of a central stem and
lateral branches of three orders, arranged in regular whorls. Spores are preserved
in stem segments, which are separated by septa. Morphologically they resemble
the oospores of a Recent alga Sphaeroplea Fritsch. The structure of previously un-
known filamentous central parts of thallus of P. variabilis is studied and their re-
lation to subcortical and cortical threads penetrating the calcareous sheath are des-
cribed. Revised diagnoses of Vermiporella Stolley and Palaeoporella Stolley and of
their type species are given.

INTRODUCTION

Dissolving for many years Ordovician erratic boulders of the Baltic
origin from the territory of Poland, the senior author (R. K.) came across
a specimen (found in the locality Rewal, Baltic coast, Szczecin province),
containing well preserved calcareous algae, whose tubes undervent
a secondary silification (PL I, Figs. 1,2). After a close examination they
turned out to be forms described in 1893 by Stolley, also coming from
Ordovician erratic boulders of the Baltic coast and called by this author
Vermiporella fragilis Stolley and Palaeoporella variabilis Stolley. These
algae were subsequently described by several authors from Scandinavia
and the U.S.S.R. Specimens of Vermiporella with silicified tubes which,
like our ones, came from Ordovician erratic boulder of the Baltic Sea,
were prepared with acid by Eisenack (1936) who, however, did not study
them.

Dissolving the tubes of both algae referred to above in hydrofluoric
acid, the senior author found, to his surprise, that they contained inside

exceptionally well preserved organic parts of thallus (Pl. III, Fig. 3; PL
X, Fig. 2). Since these parts have never before been separated from fossil

calcareous algae, it was resolved, together with the junior author (J. K.},
to make them the subject of detailed studies. The present paper is the
result of these studies.

* Preliminary note — see C. R. Acad. Sci. Paris, 266, 1968.
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Considerable part of the research was done by the junior author who
also took all photographs enclosed with the work, but both authors
are responsible for its contents.

The boulder, from which the algae here described have been separa-
ted by means of hydrochloric acid, weighed about 580 g. It was a compact
pelitic limestone of the type called by German authors ,,Ostseekalk”.
No graptolite indicating its accurate age were found in this boulder. In
addition to algae, it contained the following fossils:

Chitinozoa:
Cyathochitina campanulaeformis Eisenack
Parachitina curvata Eisenack
Foraminifera:
Psammosphaera sp.
Annelida:
Mochtyella polonica Kielan-Jaworowska
Xanioprion borealis Kielan-Jaworowska
Brachiopoda:
Aulidospina cf. trippi Williams
Taphrorthis aff. aspera Williams
Hesperorthis sp.
Strophomena sp.
Ostracoda:

Pseudotallinella regalis (Neckaja).

None of the forms named above may be considered as an index fossil.
They could indicate Caradocian, as well as Ashgillian stages. However,
on the basis of the facts that other erratic boulders, lithologically identi-
cal with our boulder, frequently contain Orthograptus gracilis (Roemer),
a graptolite found in situ on Oeland Island in Ashgillian stage, Dicello-
graptus complanatus Lapworth zone (oral communication of Dr. V. Jaanu-
sson from Stockholm) and, in particular, that Palaeoporella wvariabilis
Stolley has recently been described by Jux (1966) as abundantly occurring
in Boda-Limestone (Dalarna Region, Central Sweden) which is of the
Ashgillian age, our boulder may, in all likelihood, be of the same age.

An excellent preservation state of the organic parts of thallus of
algae, described in the present paper, might cause the supposition that
we had to do with quite an exceptional case. Considering, however, that
all previous investigators of fossil calcareous algae employed in their
studies only a traditional method of thin sections, in which organic
parts of thallus are not easy to distinguish, we may believe that our
specimens are not an exception and that, with the application of chemi-
cal methods, organic parts of thallus may be more than once found preser-
ved in the tubes of calcareous algae. Thus, for instance, black coloured
parts filling canals in the calcareous sheaths, shown in beautiful photo-
graphs of thin sections of Palaeoporella variabilis, recently published by
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Jux (1966, Pls. 38, 39), seem to be nothing else but organic remains of
thallus. Likewise, the possibility cannot be precluded that spores preser-.
ved in Permian algae, Atractyliopsis carnica Fligel (Fligel, 1966, Pl. 4),
but presented only in thin sections, might be also chemically separated
and studied in detail like spores contained in thalli of Vermiporella fra-
gilis that we studied.

With a large scale application of chemical methods in separating fossil
algae, one could undoubtedly obtained much more interesting results
than those reached only by means of thin sections.

The described material is deposited at the Palaeozoological Institute
of the Polish Academy of Sciences.
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DESCRIPTIONS

Genus Vermiporella Stolley, 1893

The genus Vermiporella was erected by Stolley (1893) on the basis
of a material contained in Ordovician erratic boulders of the Baltic ori-
gin, collected in the environs of Kiel, Germany. Of many specimens
of the genus Vermiporella which, according to Stolley, probably belonged
to a few species, only one was given the specific name V. fmgzlzs Stolley
and this was a type species.

In a very superficial description of this alga, it has been mentioned
by Stolley that these are tortuous calcareous tubes, 0.5—1.0 mm in dia-
meter, with walls variable in thickness and a very wide central canal.
Walls of tubes are pierced by perpendicular canals which, according to
Stolley, would correspond to lateral branches directly departing from
the central stem of thallus.

Stolley’s studies were based only on sections of branches embedded
in the rock, surrounding them. They were illustrated by several schematic
drawings.

Stolley’s data served as a basis for Pia (1920) who presented a sche-
matic reconstruction of a branch of Vermiporella (Text-fig. 1), in which
the central stem of thallus occupies the entire width of the canal of tube,
lateral branches irregularly disposed detach themselves directly from
the central stem, are not branched and are completely contained in canals
which pierce the walls of tube. This reconstruction was subsequently
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published in various palaeoalgological works and textbooks. On the basis
of this interpretation, Johnson (1961a, p. 54) defines the genus Vermipo-
rella as an alga consisting of “branches (no secondary branches exist)
simple, anastomosing, of uniform width or slightly expanding toward the
outside, perpendicular to central stalk”. A similar diagnosis of the genus
Vermiporella was given by Heeg (1961, pp. 108-109), who emphasized that
lateral branches “are not arranged in verticils or any kind of regular
order”.

However, it has been previously correctly observed by Kamptner
(1958, p. 103) that, when the central stem of the calcareous tube was very
thin, only peripheral parts of lateral branches penetrated through the
calcareous sheath and those, situated nearer the stem and not surrounded
by the calcareous mass, left no traces at all. Such was the case of the
specimens, described below, revealed after their examination. These
specimens preserved cell-walls of the entire thallus from the stem up
to the last row of lateral branches which penetrated the calcareous sheath.

As a result of our studies, the necessity arose of a radical change in
the previous diagnosis of the genus Vermiporella Stolley, 1893.

Fig. 1. — Reconstruction of Vermiporella Stolley made by Pia (1920), based on the
sections of calcified parts of the thallus.

Revised diagnosis. — Calcified part of thallus consists of cylindrical,
tortuous, calcareous tubes, dichotomously branching and anastomosing
into an irregular network. Surface of tubes covered with densely distri-
buted, rounded pores. Inside of tubes, the central stem of thallus occupies
more or less /3 of the diameter of canal. Over its entire length, this
stem displays regular contractions. Four lateral branches of the I order
are attached to the extended parts of the stem in the form of regular
whorls. Three branches of the II order are attached on each branch of
the I order, and 3 branches of the III order are in turn attached on the
branches of the II order. The calcareous sheath of thallus is pierced
only by the branches of the III order. Sporadic septae and spores of the
type of ocospores occur in the central stem of thallus.
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Fig. 2. — Vermiporella fragilis Stolley. Spatial reconstruction of a fragment of the
thallus: A side view, B top view; cs central stem, I, II, III lateral branches, cls
calcareous sheath; X 100.
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Vermiporella fragilis Stolley, 1893
(Pls. I-IX; Text-fig. 2)

1893. Vermiporella fragilis Stolley; E. Stolley, Ueber silurische Siphoneen, p. 142,
Pl. 8, Fig. 1.
Neotypus: Thalli separated from the erratic boulder No. 0.430.
Locus typicus: Rewal, Szczecin province, Poland, Baltic beach.
Stratum typicum: Ashgillian (Upper Ordovician) of the areas of the present
Baltic Sea.

Taking into account the present methods of determining fossil calca-
reous algae, based on the analysis of the calcareous part of thallus, char-
acters that may be easily traced on calcareous sheaths of thallus are em-
phasized in the diagnosis given below.

Revised diagnosis. — Traces of lateral branches of the III order pre-
served in the calcareous sheath, in the form of V-shaped canals, open on
the surface as pores 0.042—0.056 mm in diameter, isolated from each other.
Spaces between apertures: 0.12—0.15 mm. The thickness of calcareous
wall is equal to the length of branches of the III order and amounts
to 0.06—0.10 mm. Axial canal wide. Dimensions ratio d/D: 0.6—0.66.

- Dimensions — see Table 1.

Table 1

Measurements of Vermiporella fragilis Stolley (in mm)

d p
D d ) s
1 | o | m
0.43—1.10 | 0.35—1.00| 0.6—0.66 | 0.06—0.10 | 01—0.14 | 0.28—0.42 | 0.06—0.10
. w
h c st i
e -
0.28—0.42 | 1.20—1.90 | 0.014—0.25 | 0.12--0.15 4 ‘ 12 ' 36

Most of symbols used in the table of measurements have been selected from
those proposed by Johnson and Konishi (1959). The symbols are listed below:

D —Outer diameter of calcareous body

d — Inner diameter of calcareous body

d/D — Dimensions ratio

s — Thickness of calcareous wall

p — Diameter of branches I, II and III orders

h — Distance between centres of verticils

¢ — Distance between centres of central stem branches

st — Diameter of central stem

i — Distance between centre of branches on surface
w — Number of branches in a whorl, separately for I, II and III orders
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Morphology of thallus. — External shape on the whole bushlike, for-
med as a result of repeated, dichotomous bifurcation of the central stem
of thallus in many planes. Branchings are more or less regularly spaced,
forming a sort of a tangled network or lattice (Pl. II). The present authors
did not succeed in separating a complete thallus, the largest fragments
preserved reaching 4 cm in size.

Central stem of thallus occupies about !/3 of the diameter of the
axial canal of calcareous tube (Text-fig. 2). In older parts of the plant,
it is conspicuously thicker and gradually becomes thinner and thinner
towards the growth apex. In transverse section, stem is round and
sometimes elliptically flattened in outline. Over its entire length, stem
displays regularly repeated contractions and extensions in the form of
nodes and internodes (Pl. IV, Figs. 4,5; Pl. V, Figs. 1,2). In younger
parts of thallus; stem is divided by thick septa into segments varying
in length. The septa are several times as thick as the walls of stem (Pl
VI, Figs. 6,7). Septa are built in principle of a uniform layer, some of
them are, however, compound, particular layers being separated from
each other by narrow spaces and situated obliquely to the stem axis (Pl.
VI, Fig. 8). In its older parts, cell-wall of the central stem is strongly
thickened and frequently wrinkled, the wrinkles running parallel to the
growth axis; in younger parts it is thin, semi-transparent and smooth.

Lateral branches of the I order, situated at the base of each whorl,
detach themselves from the central stem of thallus in the place of its
maximum distension (Pl. V, Figs. 1, 2, 5). They always occur to the num-
ber of four and are uniformly distributed every 90° around the stem
parallel to the growth axis of thallus (Text-fig. 2). Their length does
not exceed !/3 of the distance between successive whorls. Lateral branches
of the I order are on the whole macelike, uniformly contracting down-
wards, the surface of attachment to the stem is very small, almost
punctual. Cell-wall of these branches, like that of the central stem, is
frequently strongly thickened. Apical part of lateral branches of the
I order makes up the base for branches of the II order detaching them-
selves from them.

Lateral branches of the II order are gathered in triads (PlL. VII, Figs.
4, 6), at first disposed almost parallel to the central stem and subsequently
deviating from it towards the calcareous wall of thallus (Text-fig. 2).
These branches mostly fill a space between stem and wall. Their length
is not uniform and frequently a certain gradation may be observed in
a single triad, or one of the branches happens to be slightly longer than
the remaining two. Lateral branches of II order are on the whole 2.5
times and, in extreme cases, even 5 times as long as those of the
I order. They are shaped like an elongate pear strongly narrowed at
the base, with a characteristic neck-like contraction marked at /3 of
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their length (Pl. VI, Figs. 1-3). The latter character allows one to identify
the branches of the II order even when they are torn away from thallus.
Each of the branches of the triad is separately attached to the apex of
a branch of the I order. Apexes of the branches of the II order are so-
mewhat flattened and directly contact the calcareous sheath of thallus.
Cell-walls of those branches are usually very thin, transparent and, only
in apical part, thickened and dark. Surface of cell-wall may be smooth
or irregularly wrinkled.

Lateral branches of the III order, connected with thallus, have been
preserved in a dozen or so specimens and, moreover, complete branches —
in a few ones only. Like those of II order, they occur in triads but per-
pendicularly or slightly obliquely inclined to the axis of thallus (Pl VI,
Fig. 5; Pl VII, Figs. 1—3; Text-fig. 2). Generally, they are conical,
V-shaped and with a flattened apex, their length being more or less
equal to the thickness of the calcareous sheath of thallus. Each branch
of a triad is mounted separately on the apex of a branch of the II order.
The tips of the branches of the III order do not contact each other and
their openings on the surface of the calcareous sheath are visible in the
form of small holes, separated from each other (Pl. III, Figs. 1, 2). The
cell-wall of these branches is thin and usually torn in the apical part.

Characters and manner of developing of the calcareous sheath of
thallus. — As mentioned above, thallus was to a considerable extent in-
crusted with calcium carbonate which — in the course of fossilization —
was completely or partly replaced by silica (chalcedonite). Calcium car-
bonate was deposited only around the lateral branches of the III order.
In Recent calcareous algae, the precipitation of CaCO; takes place by a
special mucous substance (mucilage), secreted by the cell-wall of calcified
parts of thallus. In Vermiporella fragilis, a similar function was most
likely fulfilled by a gelatino-filamentous mat lining insides of the cal-
careous sheaths of thallus, particularly dense at the base of lateral
branches of the III order. This substance was probably mostly secreted
by the cell-wall of the branchings of the III order and maybe also by the
apexes of the branches of the II order. Presumably, with the progressing
calcification of thallus, it was gradually shifted outside. Judging from
their apertures, now open to the surface of thallus, the ends of the bran-
ches of the III order were not covered with calcium carbonate. Taking
into account an uncertain taxonomic position of the form here described,
it is difficult to decide whether or not such a way of calcification of
thallus may be considered as initial one for Dasycladaceae.

Remarks on the structure and composition of cell-wall. — The thalli
of Vermiporella fragilis have been put to a control analysis to discover
the presence of cellulosa, pectin and callose, three fundamental sub-
stances which make up cell-walls of Recent Green Algae. A negative
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result was obtained concerning cellulose, whereas traces of callose were
discovered in the cell-wall of stem and lateral branches and of pectin in
the filamentous, “feltlike” lining of the calcareous sheath of thallus.
A very small amount (by weight) of the material available was an obstacle
in making a complete biochemical analysis of cell-wall. Despite a very
good state of preservation, most cell-walls were probably, to a greater
or lesser degree, carbonized (primarily cellulose). The application of
strong, hydroehloric and hydrofluoric acids, necessary for preparation of
the specimens, must considerably contribute to the destruction of several
components of cell-walls. In a large magnification, cell-walls display
a certain type of microstructure, which is particularly distinct in the
cell-wall of central stem. This microstructure is expressed in the presence
of irregular, brighter or darker, densely distributed strands, parallel to the
growth axis of thallus (Pl. VIII, Fig. 4). The lack of information on the
microstructure of cell-walls of Recent Green Algae makes impossible any
conclusions concerning its importance.

Spores. — Thalli of Vermiporella fragilis have not any individualized
reproductive organs typical of Recent Dasycladaceae (gametangia). Li-
kewise, they do not display the presence of other definite reproductive
organs, known in Recent Green Algae such as sporangia, oogonia and
antheridia. In the specimens examined, spores have been observed only
within the range of central stem in parts, contained between septa. On
the whole, they are distributed (Pl. VIII, Figs. 4-6) by ones or sometimes
in larger groups. One may presume that during reproduction they were
developed in larger amounts and almost completely filled parts of thallus
separated from each other by septa. The occurrence of spores in the cen-
tral stem of thallus in Vermiporella confirms the supposition of Pia (1920)
who, not finding any traces of reproductive organs in the calcareous
sheath of thallus, considered Palaeozoic Dasycladaceae to be an endospor-
ate type.

Spores which occur in the thallus of Vermiporella are subroundly or
ovally outlined bodies, usually slightly flattened on one side (Pl IX,
Figs. 1, 2). Their dimensions fluctuate within limits of 25 and 40 microns,
mostly measuring on the average 35 microns. All of them are character-
istically dark-red in colour, which is particularly well visible in a trans-
mitted light and after a slight decolourization by means of potassium
chlorate. The structure of well preserved spores is clearly bilayered (Pl
IX, Figs. 1—4, 6) i. e. an outer, thick cover, built of an irregularly cellular
substance (synapsis) surrounds an individualized central part (nucleus).
The whole is in turn tightly enveloped by a transparent hyaline, usually
slightly folded membrane which, however, occurs only on some spores.
The surface of spores is ornamented with many, irregular nodes and so-
metimes displays fissures (Pl IX, Fig. 5).
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An ascertainment, whether the described spores were developed as
a result of the sexual or asexual reproduction, is a fundamental problem
which should be resolved in the interpretation of the spores of Vermipo-
rella. The structure of these spores is very similar to that of spores deve-
loped as a result of oogamy (oospores) observed in some representatives
of Oedogoniales, primarily of Ulotrichales. Spores of V. fragilis display
a striking similarity to oospores of Sphaeroplea Fritsch (Ulotrichales),
considered to be one of the most primitively built cogamious Green Algae
(Fritsch, 1961). Segments of thallus of Sphaeroplea, containing oogonia
and antheridia, do not differ at all from vegetative segments, this being
a character in which Sphaeroplea completely resembles isogamious Green
Algae. Oospores, distributed in a chainlike manner, are developed after
the fertilization of many ova with spermatozoids. A fertilized ovum is
surrounded with a thin membrane, inside of which, as is observed in V.
fragilis, a bilayered spore is contained. When oospores become mature,
the membrane which envelops them dissolves, the undissolved fragments
of it being often observed in oogonia close to oospores. The lack of the
membranes on some spores of V. fragilis could be explained analogously.
Like in Sphaeroplea, spores in V. fragilis were developed in vegetative
threads of thallus, separated from each other by septa. Mature spores of
V. fragilis, like those of Sphaeroplea, are mononuclear and have an orna-
mented surface. A peculiar red colouring (hematochrom) is also their
common character.

Despite such considerable similarity to oospores, the possibility cannot
be excluded that spores are developed in V. fragilis as a result of isogamy
(zygospores) and even parthenogenesis, particularly so if we take into
account the fact that thallus is closely covered with calcium carbonate
which hinders the migration of spermatozoids to oogonia. Likewise, it is
difficult to determine a manner in which the mature spores were liberated
from thallus. Open also remains the problem whether or not, in addition
to the sexual, Vermiporella had also a possibility of an asexual and ve-
getative manners of reproduction.

To sum up, the phases of developing spores in Vermiporella fragilis
might be reconstructed as follows: after developing septa in the central
stem, either oogenesis (oogamy) or gametogenesis (isogamy) took place
in this part of thallus and afterwards, following the copulation, there
were formed oospores (or zygotes) which might be liberated shortly after
reaching maturity or they remained in thalli for a longer time as resting
forms (zygospores).

Taxonomic position and phylogenetic importance. — According to
a unanimous opinion of all previous authors, Vermiporella was considered
one of the most primitive representatives of Dasycladaceae which was
placed at the beginning of the evolution line of this group of calcareous



ON TWO ORDOVICIAN CALCAREOUS ALGAE 335

algae. Pia’s (1920) reconstruction of Vermiporella (here reproduced in
Text-fig. 1), based only on the traces of branches of the III order, pre-
served as canals in the calcareous sheath, became — among other
factors — a basis for considerations of- the phylogeny and evolution of
Dasycladaceae. The primitive type of structure of Vermiporella, expres-
sed in the presence of lateral branches of the I order and their irregular
distribution on the central stem of thallus, was more than once emphas-
ized in these considerations (Pia, 1920, 1927; Kamptner, 1958; Rezak,
1959; Johnson, 1961 a,b). In the light of these studies, an increase in the
number of orders of lateral branches and their arrangement in regular
whorls, was a principal trend in the evolution of Dasycladaceae. Accord-
ing to Emberger (1944), forms with such a type of structure appeared
as late as the beginning of Mesozoic. However, there are forms, known
even from Lower Palaeozoic (Primicorallina Whitefield, Verticillopora
Rezak, Phragmoporella (Rezak)), in which these characters are distinct
(Ruedemann, 1909; Rezak, 1959).

The structure of thallus in Vermiporella, described in our paper, in-
dicates a high degree of its morphological organization which — in its
fundamental features — does not differ from that in the Recent genus
Dasycladus Agardh. Some morphological characters of Vermiporella
cause, however, the arisal of serious doubts concerning whether or not it
should be continuously assigned to the family Dasycladaceae.

The lack of septa in the central stem of thallus and, consequently,
Dasycladaceae being typically coenocytie, is one of the most important
diagnostic characters of this family. Thick, closed septa segmenting the
thallus of Vermiporella, glaringly contradict the above statement and
seem to disqualify Vermiporella as representative of Dasycladaceae. Mo-
reover, Vermiporella has not separate gametangia, typical of Recent Da-
sycladaceae and also known in Mesozoic and Cenozoic forms. Even if we
assumed that septa were related to the reproduction process, the hypothe-
sis that they were only a prototype of the septa which, in Recert Dasy-
cladaceae, separate gametangia from thallus and, consequently, consider-
ing parts of thallus separated from each other by septa to be gametangia,
seem to be highly improbable. The structure of spores of Vermiporella
displaying a considerable similarity to oospores of some primitive Green
Algae of the order Ulotrichales (cf. the previous chapter), testifies against
such an interpretation. This similarity seems to indicate a probably
oogamious manner of reproduction never recorded in Dasycladaceae.
Thus understood segments of thallus, contained between septa, should
rather be interpreted as oogonia and antheridia. A dichotomous branch-
ing of the central stem in many planes, so characteristic of Vermiporella,
also is not typical of Dasycladaceae.

Thus, on the one hand, Vermiporella has characters typical of Dasy-
cladaceae, which are expressed in three orders of lateral branches ver-
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ticilately arranged around the central stem, as well as a calcareous in-
crustation of thallus characteristic of this family, but, on the other, the
presence of septa and spores, with characters of oospores, situated inside
the stem, make it similar to Recent Green Algae of the order Ulotrichales.
Vermiporella is, therefore, an example of a form having characters of
a few Recent groups of algae and, in the present stage of knowledge of
fossil algae, it is impossible to establish its accurate taxonomic position.
A possibility of an extensive discussion, devoted to the taxonomic po-
sition of Vermiporella, will arise only when a more abundant new material
will be available, concerning forms similar to Vermiporella with preser-
vation state resembling that here described, in particular forms coming
from Lower Palaeozoic sediments. The observations on Vermiporella,
presented in our paper, seem to make up a sufficient basis for excluding
it from a key position it took at the beginning of the phylogenetic line
of Dasycladaceae. The instance of an erroneous reconstruction of Vermi-
porella, made only on the basis of the sections of the calcified part of
thallus, causes the suspicion as to the adequacy of several other recon-
structions of fossil calcareous algae, made according to this same method.

Family Codiaceae (Trevisan) Zanardini, 1843
Genus Palaeoporella Stolley, 1893

The genus Palaeoporella has, like that described above, been erected
by Stolley on the basis of the specimens found in Ordovician erratic
boulders from the environs of Kiel, North Germany. P. variabilis Stolley
whose fragments, examined in the form of thin sections and presented by
Stolley (1893, Pl. 7, Figs. 1—5) as schematic drawings, was considered
by this author to be a type species (monotype). In addition, Stolley super-
ficially described this alga and assigned it to the Dasycladaceae. This
view was subsequently rectified by Pia (1926, 1927) who assigned Palaeo-
porella to the Codiaceae. Further information on the structure of Palaeo-
porella, based only on the sections of the calcified part of thallus, is
supplied by, among other authors, Johnson (1961 a, b), Johnson & Ko-
nishi (1959) and Haeg (1961). Recently, more detailed studies on Palaeo-
porella based on an abundant material, collected from Boda-Limestone
(Ashgillian) at Dalarna, Central Sweden, where this alga occurs as a rock-
-building fossil, have been made by Jux (1966). On the basis of a con-
siderable number of thin sections, the last-named author presents a fairly
accurate picture of the morphology of outer threads of thallus in Palaeo-
porella (“Zellschlauch”), whose traces are preserved in calcified parts of
thallus. Organic parts of Palaeoporella, separated by the authors of the
present paper from the silicified thalli, allow them to elucidate the struc-
ture of central threads of thallus unknown so far and their relation to
the threads which penetrate the calcareous sheath.
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Revised diagnosis. Thallus strongly calcified, non-articulated, in the
form of an elongated mace, bifurcated in the upper part and broadened
at the base. Inside, there is a bundle of closely arranged, parallel, non-
-septate threads. A main thread, frequently with contractions and swell-
ings, from which deviate thinner threads of the I order, whose apexes
make up a base of great number of very thin threads of the II order,
occurs in the central bundle. The main thread and the thread of the I
order display a sporadic dichotomy, whereas the threads of the II order
bifurcate dichotomously very densely, forming a tightly packed network.
The threads of the II order send out subcortical branches, dichotomously
ramified by ones. Pairs of cortical utricles with flat terminations, closely
adhering to each other, are situated on forked terminations of subcortical
branches. The subcortical and cortical zones are calcified.

Palaeoporella variabilis Stolley, 1893
(Pls. I, X, XI; Text-fig. 3)

1893. Palaeoporella variabilis Stolley; E. Stolley, Ueber silurische Siphoneen, pp.
137—138, Pl. 7, Figs. 1-—5.

1966. Palaeoporella variabilis Stolley; U. Jux, Palaeoporella in Boda-Kalk.., pp.
156—158, Pl. 38, Figs. 1—5; Pl. 39, Figs. 1—7 (with earlier synonymy).

Diagnosis. — Calcified part of thallus in the form of a forked tube
with a narrow axial canal. Central bundle consisting of the main thread
0.2 mm in maximum diameter, longitudinal threads of the I order 0.035—
0.045 mm in diameter, and longitudinal threads of the II order 0.012—
0.015 mm in diameter. Subcortical branches 0.52—0.60 mm and cortical
utricles 0.085 mm long. The diameter of flat terminations of cortical
utricles amounts to about 0.04 mm.

Material. — A dozen or so incomplete thalli, chemically separated
from a calcareous erratic boulder No. 0.430 from the environs of Rewal,
Szczecin province.

Description. — External morphology of thallus. Calcified part of
thallus in the form of a mace forked at the end and bulbously broadened
at the base (Pl. X, Figs. 1, 5). The longest preserved fragment of thallus
reach 3 cm in length. Diameter of the cross section through thallus va-
riable: from about 2.5 mm at the base, gradually decreasing upwards and
amounting to about 1 mm at the top. An outlet of axial canal, through
which the rhizoids of thallus were probably let out, is situated in the base
of calcareous sheath of thallus (Pl. X, Fig. 3).

Internal morphology of thallus. Central threads of thallus in the form
of a tightly interlaced bundle are arranged, on the whole, parallel to
the growth axis. The following three types of threads make up the entire
bundle:
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The main thread, the thickest of all of them, rarely dichotomously
ramified, with a strongly thickened cell-wall, here and there displays the
presence of deep contractions and bulbous swellings (Pl. XI, Figs. 2, 3).

Fig. 3. — Palaeoporella variabilis Stolley. Diagrammatic spatial reconstruction of the
thallus, in side view; mt main thread, It I, II longitudinal threads of I and II order,
sb subcortical branches, cu cortical utricles, cls calcareous sheath; X 50.

Other parts of the main thread have fairly uniformly distributed swellings
of cell-wall, occurring in the form of little knots which make up a base
for the longitudinal threads of the I order (Pl. XI, Figs. 1, 4, 5; Text-fig. 3).

Longitudinal threads of the I order (Pl. XI, Figs. 1,4; Text-fig. 3) are
attached by ones, with a very small attachment area, to the knots of the
main thread from which they are considerably thinner. They are marked
by a straight trace and may be once or several times dichotomously ra-
mified. Cell-walls of these threads, like those of the main threads, are
thickened. The terminations of the threads of the I order make up bases
for the longitudinal threads of the II order.
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Longitudinal threads of the II order (Pl. XI, Figs. 1,4; Text-fig. 3)
make up the main bulk of the central bundle of thallus, which fills the
canal of calcareous sheath. They are attached to the apexes of the threads
of the I order by separate, small bunches, each of them containing at
least a dozen or so threads, which subsequently ramify dichotomously
many times. The threads of the II order are the thinnest in the central
bundle and their cell-walls are also very thin.

Subcortical branches (Pl. XI, Figs. 6—9; Text-fig. 3) detach themselves
from longitudinal threads of the II order, a strong contraction of cell-
walls occurring in the points, where they are connected with these
threads. Subcortical branches are more or less uniform in length, narrowly
ramified dichotomously at 2/3 of their length, and their terminations are
shallowly forked. These branches are arranged close to each other, often
interlaced and together form a conspicuous subcortical zone, easily di-
stinguishable from the rest of thallus.

Cortical utricles (Text-fig. 3) shaped like truncate cones, detach them-
selves by pairs from forked ends of subcortical branches. Their ends
closely adhere to each other, as a result of which a cortical layer (cortex)
is formed, which resembles in outline a honeycomb (Pl. X, Fig. 4). Cor-
tical layer is covered with a thin calcareous lamina.

Like in Vermiporella fragilis described above, the walls of the axial
canal of the calcified part of thallus in Palaeoporella variabilis are lined
with a gelatino-filamentous substance (Pl. X, Fig. 6), which is particularly
dense at the base of subcortical branches. Furthermore, it is also in the
case of Palaeoporella variabilis that this substance was a precipitator of
calcium carbonate which formed a fabric of the calcareous sheath of
thallus. A further precipitation of calcium carbonate probably took place
on a mucous secretion of the cell-wall of subcortical branches and cor-
tical utricles, as is the case in Recent Halimeda Lamx.

Traces of callose in cell-walls of thallus and of pectin in the lining
have been discovered by a colour analysis, made on the cell-walls and
mucous lining of Palaeoporella variabilis.

Discussion. — The assignment of Palaeoporella variabilis Stolley to the
Codiaceae seems to be quite justified. It is emphasized by the presence
of a markedly separated bundle of central threads and zone of subcort-
ical branches and cortical utricles, as is recorded in Recent genera Hali-
meda Lamx. and Udotea Lamx. In its general morphology of thallus and
calcareous incrustation, P. variabilis is most similar to Halimeda, as it
has already been stressed by Pia (1926, 1927) and Jux (1966). Like in P.
variabilis, in Halimeda and other Codiaceae, cortical utricles form, on the
surface of thallus, a layer consisting of polygonal fields (facets). Strong
contractions and swellings characteristic of the main threads of the cen-
tral bundle in P. variabilis are also known in many Recent Codiaceae (cf.

2 Acta Palaeontologica Polonica nr 3/68
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Halimeda Lamx., Udotea Lamx., Avrainvillea Boerg). They might be an
initial stage which, in extreme cases, led to the development of annular
thickenings in the threads of thallus in some Recent forms (cf. Codium
Stackh.). A distinct morphological differentiation of particular threads
in the central bundle which, in Halimeda, are to a considerable extent
isomorphous, makes up a primitive character of P. variabilis, as compared
with the representatives of Halimeda. Likewise, in P. variabilis no ten-
dency is observed to the integration of the threads of thallus into a pseu-
doparenchyma and to the articulation which occurs in thalli of Halimeda.

Palaeozoological Institute
of the Polish Academy of Sciences
Warszawa, Zwirki i Wigury 93
April, 1968
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ROMAN KOZLOWSKI & JOZEF KAZMIERCZAK

O DWOCH ORDOWICKICH ALGACH WAPIENNYCH

Streszczenie

W wyniku chemicznego rozpuszczenia wapiennego glazu narzutowego, znalezio-
nego na wybrzezu Baltyku (Rewal, woj. szczecinskie), pierwszy z autoréw uzyskat
ciekawg kolekcje alg wapiennych z zachowanymi cze$ciami organicznymi plechy.
Wapienne rurki tych alg ulegly wtérnemu skrzemionkowaniu. Po rozpuszczeniu
tych rurek w kwasie fluorowodorowym okazalo sie, ze wewnatrz nich zawarte bytly
Swietnie zachowane cze$ci organiczne plechy. Plechy organiczne kopalnych alg wa-
piennych nie Byly dotychczas opisywane.

W zbadanym materiale znajduja sie przedstawiciele dwoch rodzajow: Vermipo-
rella Stolley i Palaeoporella Stolley, opisane po raz pierwszy z ordowickich gla-
zo0w narzutowych Niemiec poéinocnych (Stolley, 1893). Dotychczasowe opisy tych
form oparte byly wylgcznie na morfologii wapiennej ostony plechy, na podstawie
ktorej wykonane zostaly rekonstrukcje organicznej plechy (Pia, 1920, 1927; Jux,
1966). Unikalny stan zachowania opisanego materialu zmienia radykalnie przyjeta
dotychcezas interpretacje budowy Vermiporella oraz wnosi szereg nowych szcze-
g6l6w do poznania budowy Palaeoporella (Codiaceae).

Wiek opisanych alg okreS$lony zostal, na podstawie towarzyszacych im skamie-
niato$ci, na goéorny ordowik, najprawdopodobniej aszgil.

Budowa plechy Vermiporella Stolley, oparta na gatunku typowym V. fragi-
lis Stolley, 1893, ktorego zbadany okaz autorzy proponujg jako neotyp, jest naste-
pujaca:

Zwapniala cze§¢ plechy zlozona jest z powyginanych, cylindrycznych rurek
wapiennych, o szerokim kanale osiowym, rozgaleziajgcych sie dychotomicznie

i anastomozujacych w nieregularng siatke. Wewnatrz kazdej z rurek wapiennych
znajduje sie pien centralny, zajmujacy okolo 1/; kanalu osiowego. W swym prze-
biegu pien centralny wykazuje regularnie powtarzajace sie przewezenia. Do roz-

szerzonych odcinkéw pnia przyczepione sg regularne okoiki, zlozone kazdy z 4 od-
gatezien bocznych I rzedu. Od odgalezien bocznych I rzedu odchodzg nastepnie po
3 odgalezienia II rzedu, znacznie dluisze od poprzednich, o charakterystycznym,
gruszkowatym ksztalcie. Do wierzcholkéw odgalezien II rzedu przyczepione sg
wreszcie po 3 krotkie, banieczkowate odgalezienia boczne III rzedu, wnikajgce

2%
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w wapienng osione plechy i wychodzgce na jej powierzchnie w postaci odizolowa-
nych od siebie otworkéw.

W centralnym pniu plechy wystepujg sporadycznie przegrody poprzeczne oraz
spory, ktérych budowa wykazuje znaczne podobieaAstwo do oospor niektérych dzi-
siejszych zielenic z rzedu Ulotrichales, jak np. Sphaeroplea Fritsch.

U podstawy odgatezien bocznych III rzedu wystepuje warstwa fibrylno-$luzowa-
tej substancji, wys$cielajaca od wewnatrz oslonke wapienng plechy. Substancja ta
pelnila przypuszczalnie role precypitatora weglanu wapnia, otaczajacego pleche.

W blonie komdérkowej Vermiporelle fragilis stwierdzono §lady kallozy, za$
§luzowata substancja wyscielajaca kanal osiowy wykazala §ladowg obecnosé pek-
tyny.

Przedstawiona wyzej budowa V. fragilis nasuwa autorom szereg zastrzezen od-
no$nie przyjmowanej dotychczas pozycji systematycznej tej algi w obrebie Da-
sycladaceae (Pia, 1920; Johnson, 1959, 1961, i inni). V. fragilis posiada, z jednej stro-
ny, typowe cechy Dasycladaceae, wyrazone trzema rzedami okoétkowo rozmieszczo-
nych odgalezien bocznych, i charakterystyczng dla tej rodziny alg inkrustacje
wapienng plechy, z drugiej jednak, obecno$é¢ przegréd poprzecznych i spor o ce-
chach oospor w centralnym pniu zbliza jg do niektérych dzisiejszych zielenic
oogamicznych (por. Ulotrichales). W tej sytuacji Vermiporelle nie moze byé na-
dal uwazana za prymitywnego przodka Dasycladaceae, umieszczanego przez paleo-
algologéw na poczatku linii filogenetycznej tej grupy zielenic (Pia, 1920; Kamptner,
1958).

Obserwacje autorow nad drugg forma— Palaeoporella Stolley —sa poniekad
uzupelnieniem badan Juxa (1966), przeprowadzonych na bogatym materiale zebra-
nym z gérnego ordowiku centralnej Szwecji. Badacz ten daje doé¢ dokladny opis
morfologii zewnetrznych nici plechy Palaeoporella, obserwowanych w réznych
przekrojach w plytkach cienkich i zachowanych w postaci $ladéw w zwapnia-
lej czesci plechy. Wypreparowane przez autoréw ze skrzemionkowanych plech cze§ci
organiczne Palaeoporella pozwalaja wyja$nié budowe nieznanych dotychczas nici
centralnych plechy i ich stosunek do nici wnikajacych w ostone wapienng.

Uzupelniona w ten sposéb charakterystyka Palaeoporella Stolley, oparta na ga-
tunku typowym (monotypie) P. wariabilis Stolley, 1893, wyglada nastepujgco:

Plecha silnie zwapniala, w ksztalcie maczugi zwezonej i rozwidlonej w goérnej
czebei, nieczlonowana. Centralna cze$é plechy ziozona jest z wigzki réwnolegle bieg-
nacych nici, bez przegréd poprzecznych. Na wigzke nici centralnych skladaja sie
grube nici gléwne, pojedyncze lub dychotomicznie rozgalezione, czesto z waskimi
przewezeniami i banieczkowatymi rozdeciami, od ktérych odchodza cienisze nici
podtuzne I rzedu, réwniez sporadycznie dychotomicznie rozgatezione. Giéwng mase
centralnej wiazki stanowig nici podluzne IT rzedu, najcienisze i gesto dychotomicznie
rozgalezione, przyczepione peczkami do zakonczen nici I rzedu. Od nici podtuinych
II rzedu odchodzg odgalezienia subkortykalne dychotomicznie rozgatezione, na kto-
rych lekko rozwidlonych kohcach umieszczone sg parami odgalezienia kortykal-
ne. Plaskie zakonczenia odgalezien kortykalnych przylegaja $ciSle do siebie i two-
rzg warstwe kortykalnag. Kalcyfikacjg objeta jest strefa subkortykalna i kortykalna.
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Wytracanie weglanu wapnia na plechach P. variabilis odbywalo sie, podobnie
jak u V. fragilis, na powierzchni fibrylno-§luzowatej substancji, ktéra u P. varia-
bilis rozmieszczona jest zwarta warstwa u podstawy odgalezien subkortykalnych.

Ze wspblczesnych Codiaceae, Palaeoporella variabilis ogélng morfologia i wa-
pienng inkrustacjg plechy zblizona jest najbardziej do Halimeda Lamx. Podkres$lo-
ne to jest obecnosciag wydzielonej strefy,nici centralnych i strefy odgalezien sub-
kortykalnych i kortykalnych, z ktérych te ostatnie, podobnie jak u Halimeda,
tworzg na powierzchni plechy warstwe kortykalna, zloZona z wielokgtnych poélek.
Zwezanie 1 rozszerzanie nici gléwnej plechy u Palaeoporella variabilis jest takze
cechg charakterystyczng dla wielu wspédiczesnych Codiaceae. Prymitywng cechg
P. variabilis w stosunku do Halimeda jest wyrazne zroéznicowanie morfologiczne
nici centralnych, ktére u tej ostatniej sg w wysokim stopniu izomorficzne, oraz
brak czlonowania plechy.

Wypreparowanie przez autorow niniejszej pracy organicznych plech pozwala
przypuszczaé, ze zastosowanie na duzg skale metod chemicznych do badan nad
kopalnymi algami wapiennymi moze umozliwi¢ uzyskiwanie ciekawszych rezul-
tatéw, niz przy wylgcznym stosowaniu metody szlifow cienkich. Przyklad blednej
rekonstrukcji Vermiporella, wykonanej wylgcznie: na podstawie przekrojéw zwap-
nialej czeéci plechy, stawia pod znakiem zapytania poprawno$¢ szeregu innych
rekonstrukeji kopalnych alg wapiennych, wykonanych na tych samych zasadach.

POMAH KO3JOBCKHU & IO3E® KA3BMEPYAK

O JIBYX U3BECTKOBBIX BOJOPOCIAX U3 OPJOBUKA

Pezione

B pesyabraTe XUMMYECKOTO PpAaCTBOPEHMA M3BECTKOBOIO IPPATMYECKOro BAaJyHA,
HalilenHOro Ha noGepekbyu Basrmitckoro mops (PeBanb, Illenuuckoe BOEBOJCTRO),
MEePBLIA M3 ABTOPOB IMOJYHYMJI MHTEDECHYIO KOJJIEKIMIO M3BECTKOBBLIX BOJOPOCIEN
C 3aXOPOHEHHbIMM OPraHMYEeCKVMM YacTAMM CJOeBMINa. VI3BECTKOBBIE TPYOKM 9THX
BOZOpOCEi NOABEPTHYTEI ObLIN BTOPMYHOMY OKpeMHEHMIO. IIoCie pacTBOpeHMA STHMX
TpyOGOK B MJIABMKOBOM KMCJIOTE OKa3ajoCh, YTO BHYTPU WX HAXOAWIUCH OUEHb XO-
pomgﬁ' COXPAHHOCTM OPTAaHMUYECKKE HacTy caoeBumia. OpraHmyeckue CIOEBUINA MC-
KOITAEMbIX M3BECTKOBBIX BOJOPOCIEN IO CUX HOP He Oblau OMMCaHbI.

B usyuennom maTepumane HaXOAATCA MPEACTABUTENM JABYX DomoB: Vermiporella
Stolley u Palaeoporella Stolley, BIEpBble ONMCaHHBIE U3 SPPATUYECKUX BaJIYHOB
opnoBuka CerepHoii I'epmanum (Stolley, 1893). CymlecTBOBaBIIMe 4O CUX IIOP ONM-
CaHUA 9THUX (ODPM OCHOBBIBANMCH MCKIIOUMTENBHO Ha MOPMOJOTMM W3BECTKOBOM
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000JI0YKY CJI0eBYMUIA, HA OCHOBAHMM KOTO)DOJ M3TOTOBJEHO PEKOHCTPYKIMM OpraHu-
deckoro ciaoesumia (Pia, 1920, 1927; Jux, 1966). Ype3BbI4aiiHO Xopoilas COXPaHHOCThH
OIIMCAHHOrQ MaTepuaJia PafAMKaJIbHO MeifgeT [PHMHYMAaeMyI0 A0 CHUX I[IOp MHATepupe-
Tauuoo cTpoeHma Vermiporella 31 BHOCUT psAJ HOBBLIX HAETANEM K M3YYEHMIO CTPO-
enna Palaeoporella (Codiaceae).

Ha ocHOBaHMM COIIPOBOKJAAMIOUIMX OKaMEHEJOCTel, BO3PacT OMMCAHHBIX BOXOPO-

cneil ompefeseHO KaK BepXHUI OPAOBMK, HauboJiee BEPOATHO ALUTUIBCKUI SIpYC.

OcHOBBIBAACL Ha CTPoeHMM cjoeBuila Vermiporella Stolley, y TuMnMyHoro suua
V. fragilis Stolley. 1893, RoTOporo mncciaeAoBaHHBIM 00pa3zel] aBTOPLI NPEANATaKT
NPYHATb KaK HEOTUII, MOKHO JATh CJEAYIOLUMIA ZIJarHo3 popa:

KansundmimupoBanasad d4acTb CJOEBMINA COCTOMT M3 M3OTHYTLIX, UMAMHLDPHYE-
CKMX, U3BECTKOBBIX TPYOOK, C LIMPOKMM OCEBBLIM KaHaJNOM, AUXOTOMUPYIOIUIMX M aHa-
CTOMM3VPYIOLIMX B HEPETyJAPHYIO CeTKYy. BHYTPM KaxKJ0ii U3BECTKOBOM TpyORM Ha-
XOAUTCA LEHTPANbHAA TPYOKA CIOEBMILEA, KOTOPAA 33HMMAET OKOJO !/, 0CEBOTO Ka-
HaJMa. OTa UeHTpaJbHaA TPYOKa XapaKTepu3yeTCA DPEeryJAPHO IIOBTOPAICIIMMUCA
CYyZXeHMAMM M DaCCILUMPEHHBIMM OTpeskamu. Ha Heil nNpUKpensjeHb! peryJjspHble My-
TOBKM, COCTOALME U3 4 GOKOBBIX oTrBeTBJeHMiT I nopaska. Ot GOKOBBIX OTBETBASHMUIA
I nopagka OTXOAAT IO 3 rpylueBuAHbIe oTBeTBJeHMA II nopagka, 3HAYUTEILHO AJIMH-
Hee oT npeapiAyiinx. K BepxyiikaMm orBeTBJaeHMit II nopanka npuKperIeHbl HAKOHEL]
no 3 KOpOTKMe, mny3blpuatbie oTBeTBJienua III nopsaaka, NPOHMKAKILME B KaHAJbI
U3BECTKOBOV O00J0YKM. OTHM KaHaNbl OTKPBHIBAKOTCA Ha IOBEPXHOCTU TPYOKU B BUIE
OTHM30JIMPOBAaHHBIX OT cebA oTBepCTyil.

B 1neHTpanbHOM TpyOKe CJ0EBMILlA CHOPAAMUYECKM HAXOAATCA II0ollepedyHble Ccerl-
Thl U CBA3aHHBbIE ¢ HUMU criopbl. CTpoenme STHMX crnop OOHAPYKMBaeT 3HAUYUTCIb-
HOE CXOACTBO C OOCIOPAaMM HEKOTOPbIX COBPEMEHHBLIX 3eJIeHbIX BOJOPOCJE M3 OT-
pana Ulotrichales, kak Hanpumep Sphaeroplea Fritsch.

Y ocHoBaHua GokOBbIX oTBeTBJsieHuit III mopspka Haxomurca UOPUNBHO-CAU-
3MCTBIA CJIOM, BBICTMJIAKILMII OT BHYTPEHHEN CTOPOHBbI M3BECTKOBYIO 0O6GOJIOUKY CJIO-
eBumia., CyOGcTaHIMA 9Ta BEePOATHO HMCOOJHAJNA PONb Ipeuunuraropa kKapbonara
KaJblMA, OKPYIKAKLIEr0 CJOEBUILE.

B kaerouwnoit obosnouke V. fragilis KOHCTATMPOBAHO cJiexbl Kajljayca, a CJIU3U-
cras cybecTaHUMA, BbICTENAIOLIAA OCEBOM KaHAaJ, 00HApPYy »XuJa MPM3HAKKU MNPHCYTCTBUA
MK TUH.

Briute npeacraBiaeHHoe crpoedue V. fragilis npuBoguT aBTopaM PAX COMHEHMI
OTHOCUTEJIBHO TNPMHMMAEMOM [0 CUX TIOp CHUCTEMATHYIeCKOyl TMO3MLMM 9TOro poja
B npegaenax Dasycladaceae (Pia, 1920; Johnson, 1959, 1961, u uu.). V. fragilis, ¢ oxn-
HOJl CTOPOHBI, MMEEeT TUIMYHble 4yepThkl Dasycladaceae, BbIpazKeHHbIe TpeMs pPAZAMM
MYTOBYATO pacrpejesieHHbIX OOKOBBLIX OTBETBJEHMI, M XapaKTEePUCTUYECKYIO AJA
3TOTO CEMENCTBA M3BECTKOBYI0 MHKPYCTALIMIO CJIOEBMING, C APYTOi OAHAKO CTODOHBRI,
MPUCYTCTBUE IONMEPEYHBIX CEINT M CIOP ¢ NMPM3HAKAMM OOCIOp B LIEHTPaJIbHOM TpPyOKe
npubianKaeT ee K HEKOTOPbIM COBPEMEHHBIM OOTaMMYECKMM 3€JIEHBIM BOJOPOCIAM
(cm. Ulotrichales). B rakoit ofcraBoBke poj Vermiporella Heab3s B AanbHeNLIEM

CUMTATh IPUMHUTUBHBLIM TIpeARoM Dasycladaceae, nomelaeMoro raJjaeoanrojoraMu
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BHAYaJle (DUIIOreHEeTUIECKOM JIMHMM STOM Tpynnsl 3eneHbIXx Boaopocnein (Pia, 1920;
Kamptner, 1958).

Haburopeunss aBTOPOB HaJ BTOPO M3BECTKOBON Bogopocneit Palaeoporella Stolley
ABJIAIOTCA OTYACTM AOIOJHeHueM wmccienoBaHmit IOkca (Jux, 1966), nmpoBefeHHBIX Ha
GoraTom MaTepualie, COOpPAaHHOM M3 BEPXHEro OpAOBMKaA LeHTpanbHOM IlIBeinun. I3TOT
aBTOP NPUBOANT IoApobHoe onucanne MopdoNoruM BHeIIHUX TPyOok cnoesuiua Palae-
oporella, HabnrofgaeMblXx B pPa3HBIX CEeY€HMAX B TOHKMX IJACTMHKaX M COXpaHeH-
HBIX B BUAE CJELOB B KaJbUM(MUIIMPOBAHHOMA YaCTM CNOEBMILA. BpinpernapupoBaH-
Hble aBTOpaMy oOpraHmyeckue uyactu Palaecoporella 13 OKpeMeHeJNbIX CJIOEBULL Da3-
PEIHalT BbIACHUTDL (CTPOSHME HEM3BECTHBIX A0 CHUX IIOP LEHTPalbHbLIX TPYOOK cJjoe-

Buma M MX COOTHOLUCHHE K prGKaM NPOBMKAKINMUM B M3BECTKOBYIO OGOJ}O‘-}K“,’.

Jononuendan xapakTtepuctuka popa Palaeoporella Stolley, ocHoBaHHast Ha THU-
nu4HoM Buae (Mowotun) P, variabilis Stolley, 1893, ecTs ciepyromas:

CnoeBuille CMIIBHO KaJdbUUMUIIMPOBAHHOE, HCWIEHMCTOE, B BUIE MaJMUbI CYIKEH-
HOIf M pa3JBOEHHOII B BepxHel yactu. IllenTpasibHasg YacTb CJI0EBMUIA COCTOUT M3
MyyKa napanjnenbibiXx TpyOok, 6e3 nonepeuynplX cent. IIy4oK NEeHTpPanbHBIX TPy-
60K COCTOMT M3 TOJCTBLIX TIABHLIX TPYOOK, €AMHOYHBIX WUAM IKe AUXOCTOMMUPYIOUINX,
HacTo C Y3KMMM CYKEHMAMU U Ny3bIPHBIMM B3AYTUAMM, OT KOTOPBLIX OTXOZAT O0-
Jlee TOHKME IPOJOJBLHbIe TPYORKM I mnopspka, TOoxe CHOPAAUYECKHU JUXOTOMUPYIO-
wire, TylaBHasA Macca LEHTPANBHOTO IIy4YKa -COCTOMT M3 MNPOAONBHBIX TpyGoxk II no-
PANKA, HUTEBUIHBIX, TIYCTO OUXOTOMUYECKM Pa3BeTBIAIIIMXCA, IPUKPENIeHHbIX
NyYKaMu K OKoH4uaHmio TPpybok I nopsara. OT npoponbHblx TpyOok II mopagka
OTXOAAT JIUXOTOMHMPYIOUME, CYDKODKOBBIE OTBETEBJIEHMA; Ha MX JIETKO pPa3JBOCH-
HBIX KOHIIAX pa3MellleHb! IIONaPDHO KOPKOBbLIE OTBETBJIeHMsA. VX MNNOCKMe KOHIbI
MJIOTHO TNpuJeraoT K cebe M oOpa3yroT KOPKOBBIA CIO.

30HbI CyOKODKOBasA M KOPKOBaA KaJabLUUIMPOBAHLI.

Ocaxxpenre EKapbonata Kanbumsa Ha cuoeBmiuax P. wariabilis npoxopmio Tak
Xe, Kak n y V. fragilis Ha noBepxHOCTM (PUOPUNBHO-CIM3UCTON CyOCTaHUMY, KO-
Topaa y P. variabilis pacrosozKeHa TIJIOTHBIM CJIOEM Y OCHOBaHMSA CYOKOPKOBBIX
OTBETBJIEHUIA.

M3 coBpemennnix Codiaceae, Palaeoporella variabilis obuieit Mopdponorneit m m3-
BECTKOBOJI MHKpyCTalMeir cnoeBuiya Haubojsee cxoaHa ¢ Halimeda Lamx. Togx-
YEePKHYTO 5TO INPUCYTCTBMEM BBIAEJEHHON! 30HBI LEHTPAJbHBIX TPYOOK M IOJIOCHI
cyOKODKOBBIX M KODKOBBIX OTBETBJIEHMI1, M3 KOTOPBLIX 9TM IIOCJHEe[HME, TaK KaK Yy
Halimeda, o6pa3y0T Ha IOBEPXHOCTM CJIOEBHUILA KOPKOBLIA CJIOM, CRAOXKEHHBIA U3
MHOrOYTOJIbHBIX Inolafok. CyXKeHue M paculMpeHue TpPyOGOK TIJIAaBHOTO CJIOEBUIIA
y P. variabilis ToxKe ABJAETCA XapPAXTEPHOM 4YE€PTOIt AJA MHOrMX coBpemenublx Co-
diaceae. IIpumuTuBHOI uepToit P. variabilis mo orHomeHuro kK Halimeda saBnaerca
YyeTKasA mopdosornueckas auddepennmanms eHTPalbHbBIX TPYOOK, KOTOPbIE ¥y 9STOMI
rnocneaueil B 60onbILICH cTereHn MU3OMOPMIHBbIE, a TAK¥Ke€ OTCYTCTBME YJIEHEHUS cioe-
BULIA.

BrigeneHue aBTopaMM HacTOALLEH paboTh! OPraHNYECKHUX CJOEBULLY MO3BOJAET Npea-
rnojaraTh, 4YTO NPMMEHEHME XMMUYECKMX METOAOB B GoiablioM macurrabe ana m3y-
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YEeHUA MCKOMaeMbIX M3IBECTKOBbLIX BOJOPOCIEH, MOXKET CAeslaTb BO3MOMKHBIM II0JY-
YUTH OOJIee MHTEepPecHble pPe3yJbTaTbl, YeM MNpPY MCKJIIOYNTENBHOM INPUMEHEHUM Me-
TOJa MMKPOWIINEOB.

TIpumep ommnGoynoit pexkoHCTPyKumu Vermiporella, M3rOTOBNEHHOH TOJBKO Ha
OCHOBAHMU Pa3pe30B KaJdbLUMMUUMPOBAHHOM YacTH CJI0eBMILA, NMDUXOAUT K COMHE-
HUIO (OpPaBUJIBHOCTE PAZA MHBIX PEKOHCTPYKUMIA MCKOIIAeMbIX W3BECTKOBBLIX BCJAO-

pocJieil, M3rOTOBJIEHHbLIX TaKMM K€ MEeTOAOM.



PLATES

All sgecimens illustrated in Plates come from the erratic boulder No. 0.430, found
on the Baltic coast, Szezecin province, presumably of Ashgillian age.



Fig. 1.

Fig. 2.

Plate I

Fragment of erratic boulder, slightly etched with hydrochloric acid. Partly
separated, tangled, silicified thalli of Vermiporella fragilis Stolley and rod-
like Palaeoporella variabilis Stolley are visible; nat. size.

Fragments of the same thalli; X 2.5.
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Plate 1I

Vermiporella fragilis Stolley

Four fragments of silicified thalli chemically prepared from limestone. Dichoto-
mously ramifying and anastomosing branches with fine pores on their surface are
visible; X 5.



Plate III

Vermiporella fragilis Stolley

Fig. 1. Thin section through a fragment of a silicified sheath of thallus. In the
bottom part of the photograph, a longitudinal section passing upwards into
a tangential and then transverse; X 30 (thin section No. 1). '

Fig. 2. Thin sections through another fragment of a silicified sheath of thallus.
Two transverse (at the top and in the left bottom corner of the photograph)
and an oblique (on the right) section; X 30 (thin section No. 4).

Fig. 3. Fragment of a silicified sheath of thallus with organic parts preserved
inside the axial canal; X 40.
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Plate IV

Vermiporella fragilis Stolley

Figs. 1-3. Three different fragments of thallus with central stem and lateral bran-
ches of the I and II order in a verticillate arrangement; X 75.

Figs. 4,5. Two other fragments of thallus illustrating a dichotomous bifurcation

of the central stem and its successive contractions and distensions.

Verticillate lateral branches of the I order and a few loose branches of
the II order are visible in the places where the stem is extended. Bulbous

terminations of the apical part of the stem of thallus are also visible
in Fig. 4; X 50.



Plate V

Vermiporella fragilis Stolley

Figs. 1-5. Five different fragments of thallus with whorls of lateral branches of
the I and II order attached on the central stem. Cell-wall of the stem
and lateral branches of the I order is markedly thicker, than that of
the branches of the II order. which is transparent. Some branches
of the II order are torn away from their whorls and stuck to the stem.
Figs. 1, 3,5 X 150; Figs. 2,4— X 100.
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Plate VI

"ermiporella fragilis Stolley

Figs. 1-3. Three different lateral branches of the II order with a characteristic,
necklike contraction in the lower part; X 200.

Fig. 4. A lateral branch of the 1 order with two branches of the II order, attached
to its apex. Very small attachment surfaces of branches and differences in
the thickness of cell-wall of the branches of the I and II order are
visible; X 150.

Fig. 5. A triad of lateral branches of the III order, deviating from the apical part
of the lateral branch of the II order; X 400.

Figs. 6, 7. Fragments of the central sfem with septa many times thicker than

a transparent cell-wall of stem. A dark, oval spore is visible in the lower
part of stem in Fig. 7; X 150.

Fig. 8. A septum with a laminar structure in the central stem. Particular layers

are arranged obliquely to each other; X 150.



Plate VII

Vermiporella fragilis Stolley

Figs. 1-3. Three lateral branches of the II order with branches of the III order,
deviating from its apical part. Differences in size and shape between
both types of the branches are clearly visible. Figs. 1 and 3 — X 180;
Fig. 2— X 360.
Fig. 4. A triad of lateral branches of the II order, attached to the branch of the
I order; X 180.
Fig. 5. Lateral branches of the I, II and III order, attached to the central stem.
Diameter proportions between several 'types of branches are visible; X 180.
Fig. 6. A triad of lateral branches of the II order, detached from the whorl. Cell-
-wall of the apical part of the branches is clearly thickened; X 180.
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Plate VIII

Vermiporella fragilis Stolley

A fragment of the central stem with a septum in its upper part. Below
septum, an outline of a spore is visible inside of stem. Cell-wall of older
part of stem is strongly thickened and longitudinally wrinkled, that of
the younger part—above septum, very thin, transparent; X 150.

A fragment of the central stem with spores inside. A thick septum visible
at the bottom; X 300.

Another fragment of the central stem filled with spores. Transparent mem-
branes visible around spores; X 300.

A fragment of central stem with widely scattered spores inside. An irre-
gularly strandlike microstructure of cell-wall of stem is clearly visible;
X 150.

Figs. 5, 6. Two fragments of central stem with single spores inside. Outer membranes

visible on some spores; X 150.
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Plate IX

Vermiporella fragilis Stolley

Figs. 1-3. Three spores (of the oospore type) with distinctly visible bilaminar
structure (synapsis and nucleus), enveloped by a thin, transparent mem-
brane.

Fig. 4. A spore (oospore) with a structure similar to those in Figs. 1-3 and traces

of membrane enveloping it.

Fig. 5. A spore (oospore) photographed without decolouration, with a split surface

(early stage of germination?), without a membraneous sheath.

Fig. 6. A spore (oospore) with a less distinct bilaminar structure without a sur-

rounding membrane.

All X 1000
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Fig.

Fig.

Fig.

Fig.

3+

Plate X

Palaeoporella variabilis Stolley

. Four fragments of silicified thalli chemically prepared from limestone;

X 2.5.

. A fragment of a silicified sheath of thallus with organic parts (mostly

threads of the central bundle), preserved inside the axial canal; X 20.

. A fragment of the basal part of a silicified thallus. An outlet of axial canal

visible; X 7.

. A fragment of a separated cortical layer of thallus. The ends of cortical

utricles adhering to each other in the form of a honeycomb are visible; X
X 75.

. A fragment of a calcareous erratic boulder, slightly etched with hydro-

<hloric acid, with silicified thalli of Palaeoporella variabilis and Vermi-
porella fragilis; X 2.

. A fragment of the gelatino-filamentous substance lining the axial canal

of thallus; X 400.



Plate XI

Palaeoporella variabilis Stolley

Fig. 1. A fragment of the central bundle of threads which consists of a thick main
thread, a fragment of the longitudinal thread of the I order, attached
to the knot of the main thread, and a great number of the longitudinal
threads of the II order; X 50.

Figs. 2, 3. Two dichotomously ramifying fragments of the main thread with cha-

racteristic bulbous swellings: Fig. 2— X 50; Fig. 3 — X 80.

Fig. 4. A fragment of the main thread with a longitudinal thread of the I order,
detaching itself from it, and many longitudinal threads of the II order; X50.

Fig. 5. A fragment of the main thread with uniformly distributed knots; X 50.

Fig. 6. Subcortical branches of thallus with one arm broken off. A split end of
this branch constituted a base for a pair of cortical utricles; X 1Z0.

Figs. 7-9. Apical parts of a few other subcortical branches with forked ends are
visible; X 200.
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